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PREFACE 



The writer has devoted the greater part of the time, for several years past, 
to tests of engines and boilers, and to investigations in steam engineering. In 
his experience with the generation and use of steam in factories, waste of fuel 
has been found, by actual trials, to be of common occurrence. Indeed, in 
nearly every case of the writer's examination, the consumption of fuel has, 
from one cause or another, been greater than it should be in well-planned and 
well-managed steam machinery, working under conditions readily attainable in 
common use. 

The results of some of these tests form the main feature of this work. 
They furnish conclusive proof that waste of fuel is not a question of mere 
theory, but a subject of practical importance. 

If the reader, interested in economy of fuel, is awakened to the need of 
care in the selection, arrangement, and operation of new steam machinery, 
and to the value of proper examinations and tests in locating and pointing out 
remedies for waste of fuel in either the new or the old, the object of this little 
work will have been attained. 

GEO. H. BARRUS. 

Boston, S^Milk Street, March, 1881. 
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WASTE OF FUEL 



IN 



MANUFACTURING ESTABLISHMENTS, 



AS ILLUSTRATED BY THE 



RESULTS OF ENGINEERING TESTS. 



The duty which should be obtained from well-arranged boilers and 
engines, working under conditions which can readily be secured in 
manufacturing establishments, is expressed in the following table : — 



Type of Engine. 


Temperature 

of 
Feed-Water. 


Pounds of 

Water 

evaporated 

per pound of 

Cumberland 

coal. 


Pounds of 

Steam 

consumed by 

engine per 

I.H.P. per 

hour. 


Pounds of 

Cumberland 

coal consumed 

per I.H.P. 

per hour. 


Cost of one 
I.H.P. per 

hour sup- 
posing coal 
costing $6.00 

per ton. 


N on- condensing . . 
Condensing .... 
Compound Jacketed . 


2IO 
IOO 
100 


IO.5 

94 
94 


29 
20 

17 


2 -7S 
2.12 

1.81 


$0.0073 
O.OO56 
O.OO45 



Boilers and engines which do not perform the^ duty expressed in 
this table are working at unnecessary loss. By the use of steam- 
engineering tests, which determine what the actual performance of a 
given apparatus is, the extent and locality <?f losses that may occur 
can readily be ascertained, as also the remedies to be applied in 
suppressing them. 
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Let us consider the nature of the more prominent losses to which 
the boiler and engine are liable. 

LOSS AT THE BOILER. 

The causes which may produce a low performance in the boiler are 
principally the following : — 

1. Faulty design. 

2. Unfavorable conditions of work. 

3. Improper management of the fire. 

4. Ineffective or wasteful fuel-saving devices. 

FAULTY DESIGN. 

Boilers of specially faulty design are those of the plain cylinder 
type, many of which still remain in use. That their retention causes 
a large waste of money, is shown by the following illustration : — 

A factory which formerly used twenty plain cylinder boilers consumed sixty 
tons of coal per week. These have recently been replaced by six tubular 
boilers of improved construction, and the consumption of coal to do the same 
work is now only thirty-six tons per week. The saving in coal will amount 
to 1,248 tons per year, worth $6,450. The entire cost of making the change 
was $10,000. 

UNFAVORABLE CONDITIONS OF WORK. 

Boilers may be forced to do more work than they can do economi- 
cally, and produce waste by discharging the products of combustion 
at too high a temperature. Where condensing engines are used, and 
the feed water is drawn from the hot well, the best remedy is the 
introduction of a heater or "economizer" into the chimney-flue. A 
rapid combustion on the grate is favorable to economy in boilers thus 
provided, and, it may be added, in boilers having a large relative ex- 
tent of heating surface. 

If, for example, an economizer reduces the. temperature of the 
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escaping gases three hundred degrees, it will heat the feed-water two 
hundred degrees, and increase the evaporation for the same amount 
of fuel about twenty per cent. 

That rapid combustion with sufficient heating surface is more favorable to 
economy than slow combustion, is shown by two tests, the results of which 
are given below. The fuel in both cases was Cumberland coal containing 
seven per cent of ash. 



Ratio of Heating Surface to Grate Surface. 


65 to z. 


35 to 1. 


Coal consumed per hour per square foot of grate . 
Temperature of steam of boiler pressure . 

Evaporation per pound of combustible from and at 21 2° . 

• 


IO.94 
320 

392° 
12.42 


7-75 

325° 
300 

10.17 


The increased evaporation due to the more rapid combustion was 22%. 



Boilers in which the rate of combustion on the grate is too slow 
can be made more economical by reducing the grate surface, or, where 
a number are in operation together, by reducing the number fired. 



IMPROPER MANAGEMENT OF THE FIRE. 

Carelessness and ignorance of the fireman are causes of much 
waste of fuel. 

An efficient fireman supplies the furnace with coal in such a man- 
ner as to keep the grate constantly covered at a uniform depth ; he 
regulates the draught so as to maintain an unvarying steam-pressure ; 
and he cleans the fire of clinker and ashes without admitting an 
unnecessary amount of cold air or wasting unburnt fuel through the 
grate. 

Watch can be kept over the fireman's efficiency by the use of a 
registering pressure gauge, and by a suitable system of recording 
coal consumption from day to day, and the waste from ashes. . Loss 
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from this source can often by this means be detected, and by suitable 
requirements of the fireman prevented. 

The fireman, however, is generally too laboriously worked, or too 
indifferent to saving fuel, to devote much attention to excellence of 
firing. For this reason it is a matter of economy to provide every 
appliance that will relieve him from unnecessary care, — such devices, 
for instance, as draught governors and apparatus for shaking grates. 

The loss due to carelessness is shown by the results of a test, during the 
first part of which an efficient fireman produced eight per cent more steam 
from the same amount of coal, than was produced during the last part of the 
test when a fireman was employed who was slow and careless in firing. 

INEFFECTIVE OR WASTEFUL FUEL-SAVING APPLIANCES. 

Among the appendages of a boiler supplying a non-condensing 
engine, the one most certain to cause waste of fuel is an ineffective 
feed-water heater. A suitable heater should raise the temperature of 
the water to 21 o°. Each ten degrees below this temperature repre- 
sents about one per cent increase in the consumption of fuel. 

An exhaust steam heater now in use for boilers which consume ten tons of 
coal per day heats the water to 120 . A saving of eight per cent in fuel can 
be secured by removing it, and substituting a first-class apparatus. This 
saving in fuel would, in one year's time, pay the cost of the change. 

The careless regulation of the draught by the fireman, or the 
inefficiency of a damper-governor, causes waste of fuel by imperfect 
combustion of the gaseous products. In either case of regulation 
the damper is set first wide open, then entirely shut. Every time the 
damper is closed upon the intensely ignited fuel, the gases become 
suddenly choked, and pass off without a sufficient supply of air for 
combustion. 

To show to the eye the effect of imperfect regulation, the accom- 
panying diagrams, Nos. 1 and 2, are produced. They are exact copies 

of cards taken by a registering gauge from the same boilers, one 
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regulator being used to control the draught on one day, and another 
regulator operating the same damper on another day. The boilers 
were heavily worked in both cases. 

Diagram No. 3 is an example of efficient regulation under most 
favorable circumstances. It was taken by the same gauge, but from 
another boiler. 

DIAGRAM NO. I. — Efficient Regulator— variation 4 lba. 
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DIAGRAM NO. 2. — Inefficient Regulator — variation 15 lba. 
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OTHER CAUSES OF LOSS. 

Boilers may be wasteful from the employment of fuel of too 
cheap a grade, and again from the use of fuel of standard grade when 
cheap fuel could do the same work. 

A test of Cumberland coal, costing $6.25 per ton, was made in comparison 
with one of anthracite coal costing $5.55 per ton. The result was a saving in 
cost of producing a given amount of steam, of eight per cent in favor £>f the 
high-priced fuel. 

9 



J 



A test of " washed pea " coal, costing $3.90 per ton, compared with one of 
chestnut coal from the same mine, costing $5.05 per ton, showed a saving in 
cost of producing a given amount of steam, of nineteen per cent in favor of 
the low-priced fuel. 

A test of a mixture of pea and dust coal, and Nova Scotia coal, costing 
$4.00 per ton, compared with one of Cumberland coal, costing $6.75 per ton, 
showed a saving in cost of producing a given amount of steam, of twenty-five 
per cent in favor of the cheap grade of fuel. 



LOSS AT THE ENGINE. 

» 

The causes which may produce a low performance in any given 
engine are principally the following: — 

1. Faulty design, 

2. Derangement of valve-gearing. 

3. Derangement of valves and pistons, causing leakage. 

4. Cylinder condensation. 



FAULTY DESIGN. 

This characteristic is specially true of the early type of engines 
having a fixed cut-off or none at all, and governed by a throttle valve. 

A test made on a plain slide-valve non-condensing engine showed a consump- 
tion of fifty-eight pounds of steam per I.H.P. per hour. A good automatic 
cut-off engine in its place would consume only one-half this amount, and save 
enough fuel in eighteen months to pay the cost of the change. 

Even automatic cut-off engines may be of faulty design. 

A test on an automatic cut-off condensing beam engine showed a consump- 
tion of twenty-five pounds of steam per I.H.P. per hour, the card accounting 
for seventy-five per cent of the steam consumed. Examination revealed an 
exhaust-port two inches wide, whereas it should have been four inches wide. 

This consumption is twenty-five per cent greater than that of a condensing 
engine suitably constructed and operated, and forty-seven per cent greater 
than that of an economical compound engine. 
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Included under this head are engines of an economical type but 
improperly proportioned to their load, and those which work under 
wasteful conditions of steam pressure cut-off, etc. 

A test of an automatic cut-off engine working under 58 lbs. boiler pressure, 
and a load represented by a mean effective pressure of 10.16 lbs. per square 
inch, showed a consumption of 45.5 lbs. per I.H.P. per hour, and the card 
accounted for eighty per cent at the terminal. 

A test of another engine of the same kind and of similar size, but working 
under 88 lbs. boiler pressure, with a mean effective pressure of 25.03 lbs. per 
square inch, gave a consumption of 31.0 lbs. per I.H.P. per hour, the card 
accounting for eighty per cent at the terminal. 



DERANGEMENT OF VALVE GEARING. 

This is of very common occurrence, g.nd is caused by wear of boxes 
and connections, and by adjustments, intended for improvement, 
made by incompetent engine-drivers. The indicator diagram fur- 
nishes the only correct indication of the adjustment of the valves, 
and is the simplest guide for correcting derangements. 

The effect which the proper action of the valves may have on the 
economy of an engine may be illustrated by the following diagrams 
taken respectively before and after adjusting the valves. 

They are exact copies from the originals. 

The consumption of steam computed from Diagram No. 1, which 
was taken from a condensing beam engine before any adjustments 
had been made, is 18.47 pounds of steam per I.H.P. per hour. 

The consumption of steam computed from Diagram No. 2, which 
was taken from the same engine after adjusting the valves, is 15.3 
pounds per I.H.P. per hour, being a reduction from the previous con- 
sumption of ' ,47 ~ I 5-3 = seventeen per cent. 

The consumption of steam shown by Diagrams 3 and 4, which were 
taken from one cylinder of a pair of non-condensing engines, before 

and after changing the valves, was reduced ^ — ~il = twelve per 

cent by the change. 
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In this case the fuel was weighed before and after the change, 
and the amount of saving corroborated that indicated by the 
diagrams. 



DIAGRAM NO. I. — Taken before adjusting the valves. 
Terminal pressure, 18.45. M. E. P., 35.8. Consumption by card, 18.47. Scale, 40. 




DIAGRAM NO. 2. — Taken after adjusting the valves. 
Terminal pressure, 15.0. M. E. P., 33.96. Consumption by card, 15.3. Scale, 40. 
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DIAGRAM NO. 3. — Taken before changing valves. 
Terminal pressure, 19. a. M. £. P., 34.22. Consumption by card, 97.66. Scale, 40. 




DIAGRAM NO. 4. — Taken after changing valves. 
Terminal pressure, 19.3. M. E. P., 37.76. Consumption by card, 33.67. Scale, 40. 
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DERANGEMENT OF VALVES AND PISTON, INDUCING LEAKAGE. 

Leakage of valves and piston may sometimes be shown by an ex- 
amination of the expansion curve of the indicator diagram. Diagram 
No. s was taken from an engine working under conditions favorable 
to the reduction of cylinder condensation ; viz., dry steam and rapid 
rotation. 

The wide departure of the theoretical curve in this case must be 
produced by large leakage of the admission valve. The consumption 

by the card is 20.7 pounds per I.H.P. per hour, which is 20 -7 — T 5-3 
= thirty-five per cent larger than that shown by Diagram No. 2. 



DIAGRAM NO. 0. 

Terminal pressure,* 23.2. M. E. P., 40. Consumption by card, 20.7. Scale, 40. 




In this connection it should be observed that the theoretical curve, 
always indicates loss when it departs from the actual curve. Its 
coincidence with the actual curve, however, does not necessarily show 
the absence of loss. 
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Leakage is best shown by a comparison between the actual con- 
sumption obtained from a test and that computed from the diagram. 

A test of an engine showed an actual consumption of 44.4 pounds of feed 
water per I.H.P. per hour, the card indicating at cut-off a consumption of 
23.8. 

A sample diagram, No. 6, taken on this test is shown below. 



DIAGRAM NO. 6- 

Consumption on test, 44.10 lbs. Card shows at cut-off, 23.8 lbs. Scale, 40. 




DIAGRAM NO. 7* 

Consumption on test, 33.9 lbs. Card shows at cut-off, 22.7 lbs. Scale, 40. 
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A new piston packing was provided, and the test repeated. The consump- 
tion was reduced to 33.9 pounds per I.H.P. per hour, the card showing at 
cut-off 22.7 pounds. 

The actual reduction amounted to twenty per cent. 

Diagram No. 7 is a sample of those taken on the last test. It will be seen 
that the theoretical curves correspond very nearly to the actual curve in both 
diagrams. 

CYLINDER CONDENSATION. 

There is a loss from cylinder condensation in all engines not 
worked with steam properly superheated. But in engines working 
with common steam the loss from this source is, .to a great extent, 
affected by the dryness of the steam with which they are supplied. 
Owing to the action of the interior surfaces of the cylinder, the 
presence of a given amount of moisture in the steam induces several 
times its amount of condensation, iri addition to that naturally pro- 
duced in the employment of steam containing no moisture. 

A test of a compound engine unprovided with jackets or superheating 
appliances furnishes an illustration of the loss produced by wet steam. 

The high-pressure card at the terminal accounted for seventy-five per cent 
of the steam consumed. Of the twenty-five per cent not accounted for, it is 
safe to say that fifteen per cent passed into the intermediate receiver in the 
shape of moisture. There was drained from the receiver five per cent in the 
shape of free water. The low-pressure cylinder, then, was supplied with 
steam containing %% of its weight of moisture. 

Initial condensation was so great in this cylinder, that only thirty per cent 
of the whole steam consumed appeared at cut-off. 

At the terminal sixty-five per cent of the steam appeared, showing the 
enormous effect of condensation and re-evaporation when steam is used in a 
wet condition. 
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THE EMPLOYMENT OF CONDENSING ENGINES. 



It will be seen from the table of performance given on the first 
page, that the consumption of coal by a condensing engine is 

27 - = twenty-three per cent less than that by a non-condensing 

engine. This difference is sufficient to cover the cost of condensing 
apparatus on a year's consumption. 

In considering, however, the actual economy of a condensing 
engine compared with a non-condensing engine, the fuel value of 
exhaust steam in any given locality must be taken into account. 

It is, in general, a matter of fuel-saving to provide condensing 
apparatus wherever the exhaust steam can be used only in heating 
buildings. In many manufacturing establishments there is little time 
in the winter season when more than a portion of the exhaust is 
required for warming. In such places the economy lies on the side 
of condensing except in extreme cold weather. 

When, however, the exhaust is utilized for heating liquids, it is com- 
mon to work the engine under five pounds back pressure. Under this 
condition the cost of the power is increased to 3.14 pounds per I.H.P. 
per hour, and the saving that may be produced by using a condenser 

becomes 3 ' 14 ~ 2 ' 12 = 32^ per cent. The steam actually available for 

heating after leaving an exhaust steam heater, amounts to seventy-five 
per cent of the consumption of the engine, the balance being condensed 

in the cylinder and heater. If, therefore, 3?* = forty-three per cent or 

more of the steam exhausted from a non-condensing engine can be 
used under these circumstances for heating liquids, the economy lies 
on the side of employing non-condensing engines. The amount of 
steam to be utilized in this case can readily be determined by the 
known amount of liquid to be heated. 

There are some purposes for which the warm condensing water 
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discharged from the hot well can be utilized, and the heat present 
saved. In such cases the economy of condensing is apparent without 
further consideration. 

If a portion of the exhaust can be used for heating where double 
cylinder engines are used, one cylinder can be supplied with a con- 
denser, and the other can be worked non-condensing, and its exhaust 
arranged for heating. 

THE EMPLOYMENT OF COMPOUND ENGINES. 

In all cases when condensing engines may be used, it is advantage- 
ous to employ the compound principle arranged with super-heating 
appliances for securing the greatest economy of fuel. The Compound 
engine has for many years been in use for marine purposes, where 
economy of fuel is specially desirable. Its advantages are equally 
available for the manufacturing establishment, and here the attending 
devices of super-heating and intermediate-heating are not cramped 
for want of room as on shipboard. 

The economy of compounding is recognized in English factories, 
where it is in quite common use. 

Referring again to the table, it appears that a jacketed compound 

engine consumes 20 ~~ 17 , = fifteen per cent less steam than a common 

condensing engine. This difference on a five hundred horse-power 
engine would represent in one year a saving of twelve hundred dollars 
in the cost of fuel consumed, which would nearly cover the extra tost 
of the compound engine and fuel-saving appliances. 



THE EMPLOYMENT OF DIRECT STEAM FOR 

HEATING. 

Direct steam is often used for heating purposes for the sake of its 
high temperature, and the heating pipes are sometimes so arranged 
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that the operator can blow steam to waste. It is a popular idea, with 
a common workman, that in such a case, the wider open the waste- 
valve is kept, the higher the temperature and the greater the amount 
of heating. On the contrary the highest temperature is produced by 
confining the delivery so as to discharge only the water of condensa- 
tion. The high pressure is retained, and with it the highest tempera- 
ture. 

The use of steam-traps, which automatically discharge the water of 
condensation, and retain the steam under pressure, saves all waste of 
this kind. 

Another source of waste is the loss of hot water of condensation, 
which might otherwise serve to heat the feed-water. The prevention 
of this loss is specially desirable where condensing engines are used 
and the feed-water is supplied comparatively cold. 

Direct steam is sometimes used for heating purposes, and the 
exhaust from an engine thrown away. This source of waste is too 
well recognized to require much comment. Exhaust steam contains 
only three per cent less heat, weight for weight, than direct steam 
of boiler pressure. In using it for heating purposes, it is only neces- 
sary to employ larger pipes and greater surface to make it equally 
effective. 

WASTE OF POWER IN FRICTION. 



The frequent use of the indicator for determining the amount of 
power consumed in driving shafting is of great value. From thirty 
to fifty per cent of the power of engines is ordinarily used for this 
purpose. 

The running condition of shafts and bearings, the alignment, the 
quality of the lubricant, and the tension of the belting, all have an 
important effect on the amount of power used up in friction. These 
are every one liable to change. The difference in the friction of a 
line of shafting in perfect order, and the same not in perfect order, 
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may not be such as to attract attention by any outward sign. But 
the indicator will show a difference, and it is liable to be of consider- 
able amount. 

The repeated employment of the indicator for this purpose is a 
simple and certain means for showing changes that may occur, and 
furnishes a reliable indication as to when this important consumer of 
power needs attention. 

The friction of the shafting and loose pulleys located in a certain new 
building was found by indicator test to consume 19.34 H.P. At the expira- 
tion of fifteen months a similar test of the same shafting showed a consump- 
tion of 26.64 H.P., being an increase of thirty-eight per cent. As far as those 
having charge were aware, the bearings and all the conditions were practically 
the same as before. 

A test on another engine showed an increase in friction amounting to forty- 
four per cent after the expiration of five months. 



It will be apparent to the reader, from the many instances related in 
these pages, that waste of fuel is very liable to occur not only from 
faulty principles of construction and operation, but from derange- 
ments which only require to be known to be properly corrected. 

The use of the indicator, the determination of the actual perform- 
ance by tests of boilers and engine, the careful examination of the 
uses to which steam is applied, not only detect the first source of 
waste, but locate the place of the second, and point to remedies for 
both. 
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